The binding affinities for NMDA receptor ion channel and σ receptor sites of four classes of diarylguanidines have been correlated with values of molecular descriptors implemented in CODESSA and PRECLAV programs: twenty-one derivatives of N, N′ -diphenylguanidines type (1), eight N, N′ -dinaphthylguanidines type (2), eighteen N -naphthyl -N′ -phenylguanidines type (3) and two miscellaneous guanidines (4). A new topological index A Ad based on local invariants of the chemical graphs has been defined and used in QSAR studies generating an increasing of correlation coefficient value r.
Introduction
L-Glutamate is an excitatory amino acid (EAA) of the central nervous system (CNS), which is stored in presynaptic vesicles. [1] [2] [3] [4] [5] Postsynaptic glutamate receptors divide into two major classes:
i) metabotropic receptors and ii) ionotropic receptors. Ionotropic receptors are ligand-gated ion channels mediating rapid changes in postsynaptic membrane sodium or calcium permeability. It is well known that these receptors are divided 6 into N-methyl-D-aspartate (NMDA) 1, [7] [8] [9] [10] [11] [12] and α-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid (AMPA) 5, [13] [14] [15] receptors. AMPA is mediating Kainic acid (KA) effects so that most studies refer to AMPA/KA receptor. 5, [13] [14] [15] The NMDA receptor ion channel site is the most studied because of its availability for both competitive and noncompetitive antagonists series. 1, [7] [8] [9] [10] [11] [12] Through excessive long-term stimulation this receptor seems to be implicated in progressive neuronal losses such as epilepsy 1 ,
Alzheimer's [16] [17] [18] [19] and Huntington's [14] [15] [16] [17] [18] 20 diseases, nerve cell death in stroke 1, 5 , amyotrophic lateral sclerosis 22 . Many ligands that interact at NMDA receptor ion channel site 10, 23-29 also bind to σ receptors (N,N′-di-o-tolylguanidine, DTG) 9, 29 . σ Receptors do not appear to be associated with the NMDA receptor ion channel site and their physiological function is still unknown. 7 Diarylguanidines represent a new class of compounds proven to be noncompetitive antagonists for NMDA receptor ion channel site in electrophysiological experiments blocking the response of this receptor. Some of these compounds are neuroprotective agents with therapeutic value in patients suffering from stroke, brain or spinal cord trauma and hypoglycemia. 7, 9, 30, 31 The present QSAR study includes forty-nine diarylguanidines belonging to four classes: twenty-one compounds of the N, N′ -Diphenylguanidines type (1) , eight compounds of the N, N′ -Dinaphthylguanidines type (2) , eighteen compounds of the N -Naphthyl -N′ -phenylguanidines type (3) and two miscellaneous guanidines of type (4) . The binding affinity of these diarylguanidines for NMDA receptor ion channel and σ receptor was correlated with a variety of molecular descriptors implemented in CODESSA and PRECLAV programs and with a new topological index A Ad derived from local invariants of the chemical graphs. 
QSAR results
In this study, the biological activity for forty-nine diarylguanidines was calculated using equation 1. Experimental values for IC 50 were determined by Keana and coworkers. and the σ receptor-specific radioligand [ 3 H]-di-o-tolylguanidine (DTG, 6) interaction were obtained using CODESSA and PRECLAV programs, cross-validation being made by the "leaveone-out" method in both cases. 
Results obtained with CODESSA program
The first set of QSAR correlations were done using the CODESSA program developed by Katritzky, Karelson and Lobanov. [32] [33] [34] For Table 1 . In Figure 3 the experimental versus estimated log A data correlation is presented. where N is the number of data points, R and R 2 denote correlation coefficients, s is the standard deviation of the fit, F is the Fisher test and Q is the quality factor.
Results obtained with the PRECLAV program
The second set of QSAR correlations was obtained using the PRECLAV program developed by L. Tarko.
35,36
Results with PRECLAV program for
Values of coefficients obtained with the PRECLAV program and definition of variables are given in Table 2 . In Figure 4 the experimental versus estimated log A data correlation is presented. The statistical parameters of the fit are:
N=49 r =0.932 s = 0.308 F = 25.56 Q = 3.026 R 2 = 0.868 cross validated
where N is the number of data points, R and R 2 denote correlation coefficients, s is the standard deviation of the fit, F is the Fisher test and Q is the quality factor.
In Table 3 are listed the experimental and estimated biological activities of diarylguanidines obtained with CODESSA program (eq.2) and PRECLAV program (eq.3) for NMDA receptor ion channel. Values of coefficients obtained with the CODESSA program and definition of variables are given in Table 4 . In Figure 5 the experimental versus estimated log A data correlation is presented. where N is the number of data points, R and R 2 denote correlation coefficients, s is the standard deviation of the fit, F is the Fisher test and Q is the quality factor.
Results with PRECLAV program for [ 3 H]-6 (DTG)
Values of coefficients obtained with the PRECLAV program and definition of variables are given in Table 5 . In Figure 6 the experimental versus estimated log A data correlation is presented. where N is the number of data points, R and R 2 denote correlation coefficients, s is the standard deviation of the fit, F is the Fisher test and Q is the quality factor.
In Table 6 are listed the experimental and estimated biological activities of diarylguanidines obtained with CODESSA program (eq.4) and PRECLAV program (eq.5) for σ receptor. ; thus the elements of E are 2-element subsets of V. The elements V are the vertices and E are the edges of the graph G. When V represents the atoms of a molecule and elements of E symbolize covalent bonds between pairs of atoms, then G becomes a molecular graph . 37 A graph invariant is a topological property that is conserved by molecular isomorphism. An inclusive graph invariant is one, which is the same for two or more graphs (i. e. molecules) and represents a degree of molecular similarity. To obtain a local invariant set X one method is to solve a linear system of equations:
where Q is a matrix derived from the adjacency matrix, R is a column vector and X is the column vector of local invariants x i . 42, 43 In the present QSAR study, we considered the distance matrix (D) obtained using MOPAC program as Q matrix, the diagonal terms being replaced with the value of the topological index J (Balaban) 39, 40, [44] [45] [46] [47] for the considered molecule. Column vector R was obtained multiplying the adjacency matrix (A) corresponding to the chemical graph with a column vector Z whose elements are the atomic numbers z i . The equations (eq. 7) becomes:
Using the local invariant set X we built a new topological index A Ad named Beteringhe-FilipTarko index, defined in equation 8, which has been included in the QSAR study of the interaction of diarylguanidines with the two types of receptors:
where q is the number of edges in the molecular graph, N is the number of vertices in the molecular graph and x i are the local vertex invariants.
A better correlation of binding affinity (logA) of diarylguanidines for σ receptor was observed including the new Beteringhe-Filip-Tarko topological index A Ad in the QSAR equation.
Results with CODESSA program for [ 3 H]-6 (DTG) including A Ad in the correlation
Values of coefficients and definition of variables are given in Table 7 . In Table 8 are listed the experimental and estimated biological activities of diarylguanidines for σ receptor. In Figure  7 the experimental versus estimate log A data correlation is presented. The statistical parameters of the fit are: where N is the number of data points, R and R 2 denote correlation coefficients, s is the standard deviation of the fit, F is the Fisher test and Q is the quality factor. 
Discussion
In Tables 1-8 QSAR correlation receptor ion channel site and 0.938 in case of σ receptor) than when CODESSA program was used (r = 0.880 in case of NMDA receptor ion channel site and 0.914 in case of σ receptor).
In the study performed with CODESSA, quantum-chemical descriptors (NBOAvg -Average bond order of a N atom -being retained as specific descriptor in the models for both receptors) have the highest weight in QSAR models for both receptors while in the study performed with PRECLAV, grid-field descriptors have the highest weight.
Grid electrostatic descriptors are resultant forces (F), repulsive (R) and attractive (A), between net atomic charges of the studied molecules and probe atoms placed in the evenly distributed points of a virtual network. Forces F, R and A represent a measure of the interaction of the molecule with the active site of the receptor in a certain zone of space.
Grid geometric descriptors are the parallaxes of atom pairs meaning the angle under which can be seen that pair of atoms from a point of the virtual network ; for every network point the parallaxes are calculated for all atom pairs, then maximum parallaxes (P) and average parallaxes (M); the parallaxes are a measure of the section area of the molecule seen from a certain point of space.
The fact that in the final QSAR equations obtained with PRECLAV more grid descriptors are included than global descriptors, shows that electrostatic interactions and host-guest like interactions of the molecules with the active site are more important than other molecular characteristics (molecular mass, number of atoms of a certain type, type of chemical bonds).
When the new Beteringhe-Filip-Tarko topological index A Ad , derived from local invariants of the chemical graphs of the diarylguanidines, is used an increase of the correlation coefficient (r = 0.942) is observed in the QSAR model corresponding to the σ receptor done using CODESSA, leading to the idea that a better structural characterization of diarylguanidines is represented in this new index. This is accountable to the fact that the new Beteringhe-Filip-Tarko index A Ad was devised using the geometric characteristics of the molecule.
Conclusions
In this study the binding affinities for the NMDA receptor ion channel and σ receptor sites of four classes of diarylguanidines have been correlated with values of molecular descriptors implemented in CODESSA and PRECLAV programs: twenty-one derivatives of N, N′ -Diphenylguanidines type (1) , eight N, N′ -Dinaphthylguanidines type (2) , eighteen N -Naphthyl -N′ -phenylguanidines type (3) and two miscellaneous guanidines (4) .
Correlation coefficient, r, has a higher value when the PRECLAV program is used for building the QSAR model for the NMDA receptor ion channel site and σ receptor, due to the use of grid/field descriptors which show that electrostatic/host-guest interactions of the molecules with a certain site are more important than other molecular specific features.
Introduction of the new Beteringhe-Filip-Tarko topological index A Ad in QSAR model for σ receptor increased the predictive value of the model.
